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EVALUATION

The objective of this study was to evaluate and establish effective
reliability procedures for testing, qualifying and screening Ultraviolet
Erasable Programmable Read-Only Memories, or UV PROMs., This study concen-
trated on programming and erasing methods, programmability, erasability and
functional testing. Short term ?1,000 hrs) data retention testing was done
at 250C, 1250C, 150°C and 200°C.

The results of the study and discussions with the vendors were used to
determine screening, testing and temperature requirements for the UV PROM.
The study is considered successful in meeting the initial objectives
established at the beginning of the program.

The major significance of the study is that it provides a béckground of

“technical understanding of the problems associated with screening and qualify-

ing UV PROMs. Using the results of the study, the contractor prepared a draft
detailed specification for MIL-M-38510, General Specification for Microcircuits.

f. Aot

JAMES J. DORSON
Solid State Applications Section
Reliability Branch
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1. INTRODUCTION

1.1 PURPOSE OF STUDY

This final report summarizes the results of a study performed by the

! Technology Support Division of Hughes Aircraft Company under Rome Air

3 Development Center Contract F30602-75-C-0294, Supplemental Agreements
8 P00007-P00010. The title of this contract is '""Reliability Evaluation of

|

|

Programmable Read Only Memories (PROMs).' The primary goals of the

additional tasks of the Supplemental Agreements were:

; 1. To evaluate and establish reliability procedures for electrical

'E] testing, qualifying and screening floating-gate avalanche injection
ki MOS (ultra-violet erasable) programmable read-only memories
é‘ (UV-PROMs).

4 2. To prepare a draft of a detailed specification (MIL-M-38510 slash l
sheet) for UV-PROMs. '

1.2 SCOPE E

The scope of this effort is limited to 8192 bit UV-PROM devices
suitable for high reliability military applications. The specific tasks
which were to be accomplished during this phase of the contract are

summarized as follows:

Task 1. Device (and Vendor) Selection

o

a. Procurement

i b. Screening

1 Task 2. Electrical Characterization
a. Programming of S-3260
b. Testing

Task 3. Special Reliability Evaluations
a. Data Retention Investigation

b. Input Protection Networks

c. Thermal Properties

‘..,_.w_-,__..‘_—‘—m‘,




Task 4. Optimum Procedures Test

a. Develop test plan to include operating life
and storage life, both biased and unbiased,
output load conditions, test temperatures,
data patterns, procedures, and the number
of programming-erase cycles.,

b. Approval by Contract Officer.

c. Conduct Tests

Task 5. Test Data Analysis

Task 6. Failure Analysis, including recommendations for
screens

Task 7. Preparation of Draft Specification
A flow chart of the UV-PROM tests conducted during this study is

presented in Figure 1,

1.3 BACKGROUND

This study is the third in a series of reliability evaluations of

PROMs. The objectives of the initial study were to:

¢ Assess unique factors affecting the reliability of bipolar PROMs
employing Nichrome fusible links, titanium-tungsten fusible
links, and the avalanche induced migration (blown diode)
technique.

® Recommend programming, testing and screening guidelines for
the subject PROMs,

® Develop a failure rate prediction technique for the subject PROMs.

The test vehicles used were 1024 bit devices from four different vendors.
The final technical report for that study was RADC-TR-75-278 (February
1976).

The objectives of Part II of this series were to:

® Assess factors affecting the reliability of bipolar PROMs
employing polycrystalline silicon fusible links, the avalanche

induced migration (blown diode) technique, and Nichrome {
fuse link's. {

[ Investigate programming and associated failure mechanisms.

® Assess the reliability of these PROMs via a life test.

e i it
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Figure 1. Reliability evaluation of ultraviolet
erasable PROMs.
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The test vehicles for this study were 1024, 2048, and 4096 bit devices

of each of the three technologies, obtained from four different vendors. The

emphasis was placed on the polysilicon fuse technology because that was not
included in the initial study. The blown diode technique received second
priority and the Nichrome fuse technology, which received the most atten-
tion in the initial study, was treated in areas not previously evaluated. The
final technical report for Part Il was RADC-TR-77-302 (September 1977).

| The present work, Part III, differs from the earlier studies in several

respects. The semiconductor technology used for UV-PROMs is MOS

(metal-oxide-silicon) rather than the bipolar technology used in all the
devices studied earlier. UV-PROMs are erasable and reprogrammable,
whereas the fusible link and blown diode devices can not be erased. ‘A
larger number of devices, approximately 100 from each of two vendors, was
tested in this study than was used in the earlier two studies. Finally, con-
siderable effort was directed toward preparaf:ion of a draft specification,
which was not part of the earlier ones.

An earlier study of 2708 UV-PROMs was made in 1977 by D. Platteter
at the Naval Weapons Support Center. ;s The purpose of that investigation

was to develop a set of guidelines for procurement, assembly, testing, and
general usage of UV-PROMs in high reliability standard electronic module
(SEM). systems. To accomplish this, a laboratory investigation of the
programming and erasure characteristics of Intel and Texas Instruments
parts was performed. Potential wearout and environmental sensitivities
were studied along with the device physics, data retention, physical layout,
‘ and construction details. A survey of vendors provided internal reliability
| reports and many suggestions, An important result of that investigation

was the recommendation to limit usage of UV-PROMs in SEM systems to

development and prototype applications only, It was felt that fuse link

PROMs and mask ROMs offer unquestioned reliability enhancements over
‘ UV-PROMs and the development of several 2708-compatible bipolar fuse

link PROMs left little advantage for military UV-PROM usage, even in

systems that require frequent reprogramming.
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1.4 UV-PROM TECHNOLOGY DESCRIPTION

The UV-PROM technology2 is based on the floating gate avalanche
injection MOS transistor. 3 This is a MOS field effect transistor in which
no connection is made to the silicon gate. To program the transistor,
which is one cell of the memory, charge is injected onto the gate by
avalanches of high energy electrons from the source or drain regions of
the transistor. The injected charge offsets the threshold voltage of the
transistor, as determined by a second silicon gate (the select gate) on top
of the floating gate. (The two gates are separated by a layer of silicon
dioxide.) Erasure of the memory is effected by exposing the device to
ultraviolet light, which produces a photocurrent in the oxide that discharges
the floating gate. Therefore the UV-PROM package incorporates an ultra-
violet-transmitting quartz window over the chip.

The UV-PROMs investigated in this study were 8, 192 bit devices,
organized as 1,024 eight bit words. This size UV-PROM and larger ones
are n-channel MOS devices. Photographs of the Intel MC2708 chip and
the Texas Instruments SMJ2708 chip, which are used in this study, are
shown in Figures 2 and 3. Although the chips are nearly the same size,
have the same pin-outs and are electrically compatible, the circuit layouts
on the chips are significantly different. (The 8K UV-PROM currently
supplied by Texas Instruments is different from that shown in Figure 3,
since the die size has been changed and double doping of the polysilicon

interconnections is now used.)
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2. DEVICE SELEC TION

2.1 CHOICE OF SUPPLIERS

When the UV-PROM study amendment to the contract was proposed in
January 1977, only commercial grade (temperature range 0 to +70°C) type
2708 UV -PROMs (8192 -bit) were available from Intel and AMS (now Intersil).
By ti1e start of the procurement cycle, it appeared that military tempera-
ture range (-55 to +125°C) type 2708 parts would be available from four or
five manufacturers but at considerably higher cost than had been estimated
for the commercial grade product. Based on this information, military
temperature range 8192-bit parts from additional suppliers were to be
substituted for the 2048-bit parts listed in the original proposal (per Sup-
plemental Agreement P00009).

Intel designed and developed the first 2708's and was the first to market
the military temperature range product. Because of this lead in experience,
Intel's product was obviously the prime candidate for investigation. Texas
Instruments' military temperature range 2708's first became available
in July 1977. Thus TI was the first of the major MIL qualified semiconductor
manufacturers to commit itself to production of a military grade product. This
plus TI's qualification to supply many other digital IC's to MIL-M-38510 was
a major factor in the selection of TI as the second supplier for parts,

The increased cost of the military temperature range parts over that
of the commercial temperature range parts originally budgeted precluded
the purchase of the 100 parts needed for characterization and life tests
from more than two suppliers. An attempt was made with the remaining
funds for parts to purchase as many electrical characterization samples
from as many additional suppliers as possible. The results of this attempt

Wwere not entirely satisfactory as Intersil was the only additional vendor
able to supply military tempefature range 2708's. The other LSI manu-
facturers '"NO BID'" our purchase order for military temperature range
product, indicated that they did not intend to build any, or would not have it
available in time for inclusion in this program. These manufacturers were

Electronic Arrays Inc,, Fairchild Semiconductor, Mostek, Motorola,
National Semiconductor, and Signetics.

-
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Since the fall of 1977, the market situation has continued to change.

, Intersil has ceased manufacturing 2708's altogether. Motorola, Fairchild,
and AMD have announced "'off-the-shelf'' availability of military-temperature
range 2708's. National and Signetics are working on military-temperature
range parts and expect to have them available by the third quarter of 1978,
Mostek is producing commercial grade 2708's in quantity but is not planning
to develop a full temperature range version.

A list of the UV-PROMs obtained for this study is given in Table 1.

All the screened and -55 to 100/125°C parts were in alumina ceramic

dual in-line packages with side brazed leads and a quartz window on top.

| The Texas Instruments (TI) packages were black ceramic and the Intel
kl‘ parts were white ceramic. An analysis of the two different color ceramic

;! packages by energy dispersive analysis of x-rays on a scanning electron

| 3 s > 2.

\ microscope did not reveal any significant difference in composition,
!

|

!

TABLE 1, UV-PROM SAMPLES RECEIVED
! Serial Additional
: Vendor Part No. Date Code Numbers Information
Intersil AMS7708 1, 2 Samples, 0 to 85°C
Intersil MH2708 500-505 -55 to 125°C
TI TMS2708JL 7713 10-13 Samples, 0 to 85°C
TI SMJ2708JM 7739 15-74 Screened, vendor equiv.
883 level B
TI TMS2708JM 7741 75-114 -55 to 125°C
Intel MC2708 7717 300-326, -55 to 100°C
1 328-330
i Intel MC2708 6 - 520 -55 to 100°C
‘ ' Intel MC2708/B 7727 331-395 Screened, vendor equiv.
883 level B
Intel MC8708 7717 400-409 -55 to 100°C

AR TRTLIER W AL
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2,2 SCREENING

All of the UV-PROMs received from Intel and Texas Instruments were
processed through a series of tests to establish package integrity, eras-
ability, programmability, and electrical performance, as shown in
Figure 1. A summary of the results of these tests appears in Table 2,

Package Hermeticity

The devices were tested for package integrity with fine and gross leak
tests in accordance with MIL-STD-883, Method 1014, 2, conditions B and C.
All devices were serialized after the he rmeticity tests,

Since the UV-PROM package has the unusual feature of a quarfz window
on its top lid, package hermeticity was of particular interest. Therefore
the gross and fine leak tests were repeated near the end of this study on
five parts from each of Intel and TI. The parts retested were those that
had been used for the 200°C storage test, Optimum Procedures Test 3E
(see section 5), programming method P1. They had been at 200°C for

1000 hours with five interruptions for testing at temperatures of -55, 25, 100

and 125°C. Before that test, they each had been tested more than twice at
the same four temperatures. All ten devices passed the second gross and
fine leak tests. Therefore no problems with the quartz window seals were
detected in this program and they are not expected to affect the reliability
of UV-PROMs.

Erasability

All devices were exposed to ultraviolet light for a minimum of 20
minutes to erase them prior to any electrical testing. A model S-52T
UV lamp, manufactured by Ultraviolet Products, Inc. , was used as the
light source, After the initial exposure of 20 minutes, each device was
read. (in a functional test on the Tektronix S-3260 automated tester) to
determine if all cells were in the erased or unprogrammed state. Any
failure at this point required an additional 20 minute erase ‘cycle. If the
device successfully completed the functional test, all input currents,
output voltages, output leakage currents, and all power supply currents

were tested to the manufacturer's specification at 25°C,

10
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Of the devices tested, only Intel parts have exhibited erasure difficulties.
One device (SN305) has failed to erase on all attempts. Two devices
(SN306 and 402) initially required two twenty minute erase cycles. However,
all further erase attempts were successful after only one twenty minute
exposure One device (SN401) has consistently required two twenty minute
cycles to completely erase it.

Programmability

All devices which passed the erase test and the DC parameter checks
were subjected to a sequence of program and erase cycles to ascertain
the programmability of each cell of the device. The as sumption at .this
point was that the device was indeed functional and each cell could be
addressed. The devices were first programmed to a row-column checker-
board, then read to check that the appropriate locations were either
programmed or not programmed. The devices were then erased, re-
programmed to the inverse of the original pattern, and read a second time
to verify each cell's status. As is the case in most row-column checker-
board patterns, the actual programmed pattern turns out to be alte rnating
columns of 1's and 0's through most of the memory. This was verified
by computer simulation of this pattern in a vendor-supplied bit map. Since
the purposes of this test are to eliminate devices with programming
problems and to catch faults such as cells that are stuck at one or stuck
at zero and shorts between cells, a true checkerboard pattern based upon
the physical bit map would be more useful. For this reason, vendors'
bit maps (see Appendix C) were obtained and checkerboard, when

implemented, was based upon these maps thereafter.

Electrical Performance

Each deviée that passed the programmability test was erased and
reprogrammed for the electrical performance tests. It would be desirable
to program the UV-PROMs with a pattern that would be unique for each of
the 21 words in the device in order to detect decoder errors, but that
is impossible with only the 8 bits per word that are available. The

program chosen was a binary count pattern, in which the data stored in

12




each word are the eight least significant address bits for that word, This
pattern was chosen for its ease of implementation. Since the pattern
repeats only four times within the memory, the chance of catching decoder
errors is significantly higher than if a checkerboard pattern were used.
After programming the devices with the binary count pattern, they

were subjected to functional, AC and DC parametric tests, done over the

full military temperature and voltage ranges. These tests were originally

! performed with all power supply voltages at three different levels: nominal,
nominal +10 percent, and nominal -10 percent. -The tests were later
modified, as discussed below, to cover five supply voltage conditions,

including both +5 percent (Texas Instruments) and +10 percent (Intel)

specifications.

The initial test results, as reported in the Interim Report for this

program, indicated high failure rates for the Intel, TI, and Intersil
devices. (See Appendix E.) Subsequent investigation showed that three

factors contributed to that erroneously pessimistic evaluation:

1. The programming procedure: Only as many programming loops
were used as was necessary for the device to verify at nominal
supply voltages and room temperature. Although this method
was successful for the first parts received from Intel and TI and

i it required the minimum time, it resulted in marginally
programmed devices.

1
[ 2., The pass-fail criteria used were incorrect: The parameters for
commercial temperature range (0-70 C) parts were used instead
" of those for the military temperature range (-55°C to 125°C).
| The latter are less restrictive than the former. 5
|

3. The vendors' specifications differ: Differences exist in voltage
margins, timing, and temperature ranges.

Therefore all parts were erased and reprogrammed according to method

P1, which is described on Page 38. This method uses the minimum number of pro-

gramming loops necessary to verify at nominal voltages and room temperature (as ‘
before) and then do eighty additional loops. A 0.5 ms programming pulse width ‘
was used here, as in all the routine programming done on the S-3260. The parts

were then retested and evaluated against the proper vendor specifications,

which are listea in Table 5. The results, summarized in Table 2, were much

13




better and quite normal for MOS devices.

Of the 197 Intel and TI parts tested for electrical performance, 95 percent
met the vendors' specifications even over the full temperature range (the

nominal limit for the Intel parts is 100° C) and at the normal military power

14

|
| S A TABLE 3. SCREENING TEST LIMITS FOR MILITARY
GRADE UV-PROMS
Parameter Intel TI
tacc 450 ns 450 ns
tco 120 ns 160 ns
: tprF 120 ns 160 ns
| - : :
\] It 10 ';.I.A 10 pA
i Lo 10 pA 10 pA
"! 80 mA 50 mA
| Icc 15 mA 8 mA
‘ Izp 60 mA 25 mA
| VoL 0.45V 0. 45V
Vom 3.7V 3.7V
1 , S 2.4V 2. 4V
‘ VBB -5V £10 percent -5V %5 p‘ercent
‘ VCC 5V £10 percent 5V £5 percent
}ﬁ VDD 12V £10 percent 12V %5 percent

However, all five remaining

Intersil parts still failed, so they were excluded from subsequent testing.
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supply limits of nominal + 10 percent. (The TI specification is

+ 5 percent and a total of 7 TI parts failed to meet the

R Retouy

\ wider specification.) A more detailed summary of these results is pre-
‘ sented in Appendix A.
4 The results of all the screening tests, neglecting the eight Intersil

G il

and the four sample TI parts, show an overall yield of 189 out ot 206

—

parts, or 92 percent (see Table 2). Four of the five TI parts which did

not meet all TI specifications in the AC and DC parameters test were
included in some of the subsequent tests in order to have a suitable

: number of samples. The parts not used in the subsequent tests are
| listed in Tabue 4.

15
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i TABLE 4. UV PROMs NCT USED FCR TESTS
J; Serial Number Vendor Reason
1, 2 Intersil Samples, not military grade i3
; 10-13 TI Samples, not military grade ‘
2 11 TL Failure Analysis - High current on "
 ' programming pin; sub-oxide arc-over i
33 TI Failed AC/DC Screening t
62 TI Missing Pin
| 70-73 TI Failed Hermeticity
74 TI Missing Pin ;
! 301 Intel Failed AC/DC Screening i
305 Intel Failed to Erase A
306 Intel Failed AC/DC Screening f :
317 Intel Failed AC/DC Screening
: 395 Intel Failed Hermeticity
i 402 Intel Failed to Program
500 Intersil Failure Analysis - Reported

programming pin overstressed; sub-
| oxide arc-over

501-505 Intersil Failed AC/DC Screening

16
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3. ELECTRICAL CHARACTERIZATION

UV -PROMs from each vendor were subjected to a series of characteri-
zation tests to verify the vendors' specifications or to determine unspecified
minimum and maximum DC, AC and functional parameters for which the
devices would operate over the -55°C to +125°C temperature range., All
testing was accomplished on a Tektronix S-3260 automatic IC test system
utilizing accepted techniques for testing individual parameters. Any
deviations from standard techniques are described in detail in the appro-

priate test description,

3.1 S-3260 TEST PROGRAMS

All the S-3260 programs generated for this study follow a format
2stablished by the Technology Support Division of Hughes Aircraft Com-
pany. Each program contains sufficient labels to identify the particular test
and the conditions under which the test was performed. This programming
technique has eliminated the need for flow diagrams to document a given
test program. Other S-3260 users, in general, have little trouble following
the flow of a program. Users of other types of automatic test systems
have, in the past, been able to absorb enough information from program
listings in this format because of the modularity of the programming

technique and the English language syntax of the test software.

Receiving Test

This is the basic S-3260 test program and includes the functional
tests, AC parametric measurements and DC parametric measurements
used in screening (see Section 2). The functional test consists of three
tests done under nominal timing and minimum, nominal, and maximum
supply voltage conditions. Its purpose is to ensure that the device has
been programmed with the proper pattern and that it reads at the minimum
and maximum voltage conditions. If a device fails, the program provides
the first address which fails as well as the output which failed. The AC

and DC parametric measurements are made utilizing techniques described

17
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1 . in Section 3.2. All limits and conditions used were those specified in the

{ manufacturers' data sheets (see Table 3).

[ Characterization Tests

These programs are specialized versions of the basgic receiving test

1 but no pass or fail condition is sought. Because of the unique capability
‘*i of having temperature as well as all other test parameters controlled by

3 the system computer, all data was accumulated by the computer and tab-
' ulated or plotted at a later date. Examples are shown in Appendices D

and E.

Programming

The device requirement of a specified rise-fall time on the programming
3 pulse required that an external driver be designed for the Tektronix S-3260

automated test system. The circuit shown in Figure 4 was fabricated to

program all UV-PROMs on the S-3260. The following procedure was used:
(a) Appropriate voltages were applied to the device and one programming
loop performed. (b) The 1803 Test Station of the S-3260 was initialized,

appropriate conditions set, and a functional test was performed. If the f

device failed to program, the power was removed from the device and the
S-3260 program was returned to step (a). If the device was properly
programmed, the programming sequence was stopped and the number of ;
programming loops recorded.

During the course of the study three programming algorithms were tried.
(Pulse widths of 0.5 ms were used in all three cases.) The initial algorit}.lm

consisted of applying one program loop (where one program loop is a com-

plete sequence through all addresses, 0-1023), then reading the device to
check if its contents matched the desired pattern. The process was repeated
until the device did vérify. Typically the device would verify in 20 or less
program loops. A few devices, especially those from Texas Instruments,

, would verify after only one program loop. ‘

Because of the high failure rate due to marginally programmed cells,
as discussed in Section 2.2, a second S-3260 programming algorithm was
implemented. This algorithm is shown on Page 38 as programming
Method P1.

18
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VS7 = 26V ¢ 1V FOR NORMAL PROGRAMMING

——’_—
$ 43ka g‘“‘ 1WF 1000pF
1KQ )
2N2222 I
$-3260 A I—R—ELAY §-3260 DRIVER NO. 2
ORIVER NO, 1 l (FOR DC BIAS)

coiL
DRIVER

A13
Al4 COAX
UNDERSOCKET
PIN 18 OF
DEVICE
UNDER TEST

Figure 4. Driver circuit for programming UV-PROMs on the S-3260.

The second algorithm performs a
program and verify cycle sequence until the device verifies, then the device
is programmed further for 80 more programming loops. Utilizing this
method, the failure rate was reduced significantly, as discussed previously.

The third S-3260 programming algorithm investigated was based upon
the manufacturers' formula for the minimum number of programming loops
required to program a device: N x tbw 2 100 ms, where N is the number
of loops and tPW is the width of the programming pulse. A programming
pulse width of 500 ps and the corresponding minimum number of program-
ming loops, N = 200, were used. This programming method was utilized
only during the Optimum Procedures Tests to investigate any possible

differences between it and the second algorithm (minimum plus 80).
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3.2 TEST PROCEDURES

All devices were programmed and tested on a Tektronix S-3260
automatic integrated circuit test system, as described in the previous
section. The temperature environment was achieved with a Temptronix
model TP450A thermal airstream unit. The output load circuit, which

simulates one TTL load, that was used is shown in Figure 5.

AC Parameters

All AC output parameters were measured using the '"walking strobe"
technique. In this technique, the output comparator strobe is set for a
"fail" condition in the time window. A functional test is then run and the
strobe is "walked'" in or out from its starting position until the device
passes the entire functional test. This technique will always return the
worst case value for the group of outputs being observed and the pattern
being used. Read access time (tACC)' a sequence dependent parameter,
was measured during receiving tests with the '"walking strobe' and a
ping -pong read sequence. The ping-pong read guarantees that the worst
case read sequence for the programmed pattern is observed. During
characterization tests, in order to minimize test times, a simple scan-

read was used to plot the variations in tacc with temperature and supply
¥ee
/1

R1=27KQ +5%
R2 =5.1KQ +5%

ouT

IN3600
(4 PLACES)

*C IS THE TOTAL CAPACITANCE PRESENTED TO
THE DEVICE UNDER TEST (DUT).

Figure 5. Simulated TTL load circuit.
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voltages. An example is shown in Appendix D. Since display of
parameter deviations under varying conditions is the intent of plots, the
absolute worst case measurement was not considered necessary.

The remainder of the AC parameters, tco tDF' and tOH' were
measured with a simple scan read pattern. tpy (output disabie time)
was the most difficult of the parameters to obtain correlation on because
of its dependence upon the capacitance which the measurement system
presents to the device. A second problem is the reference level on the
output waveform, which is discussed in Section 3, 3 (see Figure 6).
Although no pass or fail criterion is assigned for thpr the technique
employed is an accepted one for use on automated test systems and is a
method accepted by manufacturers of bipolar tri-state devices. For

characterization purposes, it yields usable and repeatable measurements.

DC Parameters

All DC input and output parameters were tested in accordance with
MIL-STD-883 methods, using the limits and forcing functions specified by
the manufacturers. All output parameters (VOL' VOHl' VOHZ’ and ILO)
were measured utilizing a search routine which finds the first available
test vector at which the output is in the proper state. This technique allows
the same test program to be used for all UV-PROMs with no dependence upon

the specific pattern programmed into the device. The only requirement

3V ——-—

CHIP SELECT /5“
08V ]

[

i
i
!
i

OUTPUT
*LOATING LEVEL

<
(o]
b
\I\I
N
»
<

Figure 6. Switching time reference levels for toF-
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is that each output be high and low at least once in the test pattern. All
input current tests require no preconditioning of the device. Each
measurement is taken independently with a current auto-ranging routine
to ensure that all devices, good or bad, can be measured with maximum
resolution, The power drain current measurements (IDD’ I'BB' and ICC)
are also measured statically with automatic ranging. An example plot of
the I data is shown in Appendix D.

3.3 RESULTS

Worst Case Input and Power Supply Voltages

The device operating region for vendor specified input low and high
thresholds was determined by plotting device functionality as a function
of the three power supplies. (The resulting plots are called shmoo plots;
see Appendix E.) For convenience, the term 'operational' was taken to
mean that the stored pattern was able to be read at all addresses with the
strobe set at 1 us, well beyond the limits of all timing parameters. The
only stipulation was that logic output levels would meet the 0. 45 volt maxi-
mum for logic zero and the 3. 7V minimum for a logic one under the single
TTL gate load specified for dynamic tests. Any failure to meet this
criterion was considered a non-operational state.

The series of shmoo plots for temperatures of -55, +25, +100, and
+125°C accomplished three things. First, they showed that for the devices
tested the vendor specified power supply operating ranges of +5 percent
and £10 percent (for TI and Intel, respectively) are conservative. Initial
data had indicated a high rate of malfunctions at -55°C and +125°C at
minimum or maximum VBB levels but further investigation lead to the
conclusion that marginally erased or programmed cells would appear or
disappear depending upon the level of VBB‘ With care taken to insure
proper programming and erasure of the devices, both vendors' devices
will operate over the 10 percent supply ranges. Second, since this test
was run with input levels set at the vendor specified VIL and VIH levels
(0. 65 volts and 3.0 volts, respectively), these two parameters are also

verified for the voltage and temperature range. Third, device noise
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margins and VBB margins, although not investigated as distinct

parameters, are guaranteed by the observed performance of the device
over the wide supply voltage ranges studied. Since the device is non- b
dynamic in nature (i.e., data and addresses are non-clocked functions),

the static test results are adequate to verify these margins,

Worst Case Read Characteristics

As in any memory device, the sequence in which a device is read is

‘he determining factor in finding worst case read access time. The limiting
factor in any such measurement is the speed of operation of the address
decoder/multiplexer of the device. A full check of the effects of address
sequence can be accomplished with the so-called '"ping -pong'" (or galloping)
read. Since each address precedes or follows every other address during
this sequence, the effect of sequence can easily be studied. As suspected,

the ping-pong read did produce the largest readings for access time. How-

ever, the typical difference between access time measured with a ping-
pong pattern and a scan pattern is only 10-15 ns, less than a 10 percent
difference in a typical reading. (The scan pattern utilized here is a sim-
ple read sequence from address 0 through address 1023.) A considerable
savings in test time can be achieved if a ping-pong read is replaced with a

scan read. All that would be required is an appropriate adjustment in test

limits to validate any results obtained.

A similar study for pattern sensitivity was performed for each of the
other AC parameters. t(-:-o- (chip select to output delay), thr (chip
de-select to output float), and tOH (address to output hold) were all
examined for variations due to pattern read sequence and stored pattern,
As in the case of tACC (address access time), each device was tested
with a checkerboard, an inverse checkerboard, and a count pattern, In
all cases, the AC parameters were essentially independent of stored
pattern, tco and tDF' as suspected, are independent of read sequence or
address but they do depend upon load and power conditions. Utilizing the
Intel guideline of 0.8 V and 2,8 V for input reference levels and 0.8 volt

and 2.4 V for output reference levels produced erroneous results during
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ipitial efforts. The vendor's choice of phrasing for output load conditions,
"1 TTL gate and CL = 100 pF, ' leaves some room for interpretation: Is the
load a "typical'" TTL gate, a worst case TTL gate, a gate simulating passive
load, or a gate simulating active load? The standard test practice used
was to simulate the current drain characteristics of one TTL gate with a
passive network (see Figure 5), To eliminate the problems inherent with
the resultant RC network, the Vo' VOL and floating voltage of the output
with the load connected were measured. From the resultant voltage levels
new reference levels were calculated by adding or subtracting 0.5 volt.

The waveforms in Figure 6 illustrate this concept. Utilizing this refer-
ence technique standardizes the method of measurement as long as the

load is clearly defined. (A similar standard is utilized for bipolar digital
devices with tri-state outputs.)

Address to output hold time (tOH) is, in essence, the reverse of access
time (tACC)' tOH is a measure of the fastest cell in the matrix. The 0 ns
minimum specified by the vendor is misleading because it can only occur
if the next address in the sequence coﬁtains the same data. A more
meaningful measurement is to insure that the next address always contains
complement data. Utilizing a simple scan read with a checkerboard stored
pattern meets all the requirements. The readings obtained thus represent

a more valid picture of the fastest cells in the memory.

Programming Characterization

This study examined the effects of programming pulse width and
amplitude on the number of loops required to program the UV -PROM:s.
The samples used were one TI part (SN12), four Intel parts (SN301, 302,
401, 403) and one Intersil part (SN500). In order to save time, the devices
were checked for verification after each of the first several loops and then
after every 5 or 10 subsequent loops, so the number of loops recorded (N%)
was greater than or equal to the actual number of loops required.

According to the vendors, the number of programming loops (N) and
the programming pulse width (tPW) should be chosen so that thw 2 100 ms.
For example, if the pulse width is 0.5 ms, at least 200 programming loops

should be used. In order to evaluate this criterion, the product of the
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maximum number of loops and the pulse width used was calculated for each
part at each voltage used. The results are presented in Table 5. The
maximum value of N*tpw observed at the nominal programming pulse
amplitude of 26V was 31.5 ms, for SN401 at tow = 0. 7ms (N* = 40 to 45
loops). At the specification lower limit of 25 V, the maximum value
observed was 70, Therefore the vendors' recommendation, Nth 2 100 ms,
appears to be a safe criterion for pulse widths of from 0.1 to ¢.9 ms.

The TI parts were consistently faster to program than the Intel parts.
The number of loops required for the Intel parts varied by a factor of four
or more (see Table 5). (One Intel part, SN402, was the only device
received which failed to program.) Programming of the Intersil part was
similar to the faster two Intel parts. Note that N*tpw is approximately
independent of pulse width for each part so changing tow Will not change
the programming time required, since the minimum number of loops
required will change proportionately. (This would be expected since the
amount of charge injected onto the floating gates of the memory transistors
should be proportional to the total time that the programming pulse is
applied. )

The programming pulse amplitude upper limit of 27 V appears to be
reasonable since one part (Intersil SN500) was damaged in tests at 28 V
while no problems were encountered at 27 V., The averages of N*tpw at
27 V are 60 percent of those at 26 V (except for the TI part, which usually
required only one pulse at all amplitudes). Therefore the minimum
programming time required could be reduced 40 percent by using 27V
programming pulses. However, there would then be a risk of damaging
parts as a result of fluctuation in the pulse amplitude and variation in part
tolerances. The programming pulse amplitude lower limit of 25 V is
reasonable since the NtPW product will certainly be greater than 100 ms
for amplitudes less than 25 V, which would cause difficulties unless the
thW criterion (2100 ms) were increased.

For the Data 1/0 programmer, the programming pulse width used is
I ms and parts requiring more than 128 loops (thw >128 ms) are rejected.
The data in Table 5 indicate that criterion should not result in rejection of

a significant fraction of parts.
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TABLE 5. PROGRAMMING CHARACTERIZATION TEST RESULTS

(Number of loops recorded) x (pulse width) = N*tpw (ms)
tpw
(ms) SN12 SN301 SN302 SN401 SN403 SN500

Programming pulse amplitude = 25 V

0.1 0.1 7.1 6.1 62.1 24,1 7.1
0.3 0.3 6.3 6.3 63.3 24,3 6.3
0.5 0.5 8 0.5 65.5 25,5 8.0
0.7 0.7 7 6.3 70 23,1 7.0
0.9 0.9 8.1 7.2 58.5 22,4 7.2
Average 0.5 7.3 B3 64 24 7.1

Programming pulse amplitude = 26 V

0.1 0.5 4 4 16 15.5 3.5
0.3 1.5 6 4.5 21 16.5 4.5
0.5 0.5 5 5 25 17.5 5.0
0.7 0.7 7 7 31.5 17,5 345
0.9 0.9 5.4 4,5 29.7 17.1 3.6
Average .82 545 5.0 25 17 4.0

Programming pulse amplitude = 27 V

0.1 0.1 2.6 2.1 14,1 9.1 2.1
0.3 0.3 3.4 3.3 15.3 10. 8 3.3
| 0.5 0.5 3 3 15.5 10. 5 2.0
l 0.7 0.7 3.5 2.8 14, 7 11.2 2.1
| 0.9 0.9 3.6 3.6 18.9 9.9 2.7
Average 0.5 3,2 3.0 16 10. 3 2.4 !

Programming pulse amplitude = 28 V
0.9 0.9 9.9 2,17 - 5.4 -
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4. SPECIAL RELIABILITY EVALUATIONS

4.1 DATA RETENTION INVESTIGATION

UV -PROMs, unlike the fuse link and blown diode PROMs studied
previously, can be erased and reprogrammed. Therefore particular
attention in this study was directed toward the ability of UV-PROMs to
retain correct data. Among the avenues of investigation were data retention
during storage at elevated temperatures, the effect of repeated write-erase
cycles, and the influence of ambient light, Calibration of the UV lamp used

for erasing will also be discussed in this section.

Data Retention During Storage

The long term decay rate of data stored in UV-PROMs was investigated
in Optimum Procedures Test 3, described in Section 5.3, That test
involved biased storage at 125°C, unpowered storage at 25, 125, 150, and
200°C, and exposure to fluorescent light at room temperature. The loss
of data in that test was evidenced by failure of the functional (readout) test.

One of the programming methods used (P1) was found to be inadequate
in both Test 2 and Test 3. Among parts programmed by the better (P2)
method, consistent increases in functional failures were observed only for
TI parts in the 200°C test (see Table 15). The activation energy (EO)
for loss of charge in single transistors of the type used in 2708 UV-

PROMs was reported2 to be 0.8 eV. Using this value and assuming the
dependence of time before failure (t) upon temperature (T) to be the Arrhe-
nius equation, t = t, exp (-EO/kT),then the time duration at 125°C, the mili-
tary temperature limit, after which failures similartothose observed in test
3E would be expected is longer by a factor of exp E_(1/kT, - l/le) = 40. 4.
Therefore the time at 125°C equivalent to 768 h at 200°C, when the failures
seemed to begin in test 3E, is 3. 10 x 104 hours, or more than 3.5 years.
This certainly is longer than any anticipated storage at 125°C for UV-PROMs
in actual military systems applications. Therefore it appears that data

retention during storage is adequate for these devices.
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Write-Erase Endurance Test

Five devices from each of Intel and TI were repeatedly programmed and
erased in order to study the effects of an excessive number of write-erase
cycles. A Data I/0 Corporation Programmer V PROM programmer4 was used for the
programming. It checks for verification after every programming loop and then
performs 80 additional loops when the UV-PROM verifies.* (For the last few
cycles of the test, some Intel parts were programmed on the S-3260, using
Method P1 with 0.5 ms. pulses.) The erase cycle consisted of a minimum of one
20 minute exposure to UV followed by verification on the Data I/0 to check
that the device had erased. A failure to verify was followed by an additional
exposure of five minutes and another verification, until erasing was complete.
Full electrical testing at 25°C was accomplished on the Tektronix S-3260 prior
to this test and after each 5 program-erase cycles. All devices had similar
program-erase histories before this test, as shown in Table 6, except SN302
which had been used during the characterization phase of this study.

TABLE 6. PROGRAM-ERASE TEST HISTORY

Number of Program-Erase Cycles

SN Vendor Prior to Test ** At End of Test
302 intel 18 68
303 Intel 4 54
304 Intel 3 55
307 Intel 5 55
308 Intel 4 54
16 TI 4 54
17 TI 4 54
18 TI 4 54
19 TI 4 54
20 TI 4 54

*The Data I/0 Programmer uses a 1 ms. pulsewidth.

**The number of program-erase cycles performed bty the vendors before shipping
was unknown.
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Each part was programmed and erased 50 times during this test with

R e T TR

no apparent electrical degradation. However, anomalies in programming
and erase time requirements were observed. For the first five cycles, all 3
ten parts programmed in 5 minutes or less, as is typical for these devices,
and erased in 20 minutes. For cycles 6-15, three Intel parts (SN 302, 304
and 308) required approximately 9 minutes to program with no change in the
TI parts. For cycles 16-20, all parts programmed in 4 to 5 minutes but the
same three Intel devices required 5 to 10 minutes extra erase time. For
cycles 21-50, the Intel parts required approximately 9 minutes to program
and an additional 5 to 15 minutes to erase (a total erase time of 25 to 35 min-
utes). One TI part (SN 16) failed to erase in 20 minutes two times, once at
the tenth cycle and the second time at the twelfth cycle. From that point on,
all TI devices programmed in 4 to 5 minutes and erased within 20 minutes.
The Intel devices used in this test began to require extended program-
ming and erasing times after a total of 8 program-erase cycles. The
extended erasing times may simply be the result of the extra programming
that was required and not due to any device fault. The programming
characterization described in Section 3.3 also indicated that Intel parts
require more programming loops than do TI parts. As long as each part
is read out after it is reprogrammed to verify that the correct information
has been stored, the changes in programming and erase times will not
impair the ability of the UV-PROMs to retain data, since no degradation
of electrical performance was noted. An erase durétion of at least 30
minutes is recommended to avoid the nuisance of having to repeat the

erase-verify cycle.

Influence of Ambient Light

Since UV-PROMs are erasable by ultraviolet light, they must not
be exposed to light that could erase them accidentally, (A precaution
that some users have taken is to cover the quartz window with an cpaque
label while the device is in use.) Since the ultraviolet content of |
incandescent 1am§s is small, they do not pose much of a threat to
UV-PROMs. However, fluorescent lamps do emit some UV radiation,

The influence of a fluorescent desk lamp, placed 1 foot away from
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UV-PROMs, on their retention of data was investigated in test 3F of the
Optimum Procedures Tests, described in Section 5.3. No significant
changes in functional, DC or AC measurements were observed in the test
specimens after 1000 h of exposure. Therefore normal room lighting
does not appear to be a threat to the reliability of UV-PROMs. However,
exposure to other radiations, such as sunlight and x-rays, should be

avoided.

Calibration and Maintenance of UV Lamp

Radiation of wavelengths shorter than 388 nm is required to erase
UV -erasable PROMs. ;s Such radiation can be conveniently provided by
a low pressure mercury vapor lamp with a quartz envelope, which emits
strongly at around 254 nm. A lamp of this type (Ultraviolet Products
model S-52T) was used in this study. An elapsed time meter was
attached to it upon receipt of the lamp in order to determine its actual
operating history. Although the lamp manufacturer states that the tube
life exceeds 10, 000 hours, the useful light output will decrease with use.
This can lead to an increase in the tirﬁe required to erase UV-PROMs or
to incomplete erasure, which may show up only at temperature extremes.
Therefore periodic measurement of the lamp's output is desirable.

The output of the UV lamp was measured with a spectroradiometer
(EG&G model 580 radiometer with model 585-11 monochromator). As
expected, most of the UV radiation was emitted at 254 nm, with a band-
width at half maximum of 11 nm. The output in this band was initially
determined to be 11 mW/cm2 at a distance of 1. 75 inches from the bulb,
which is approximately the position of the bottom of the tray used to
support the UV-PROMs during erasing and as close as the spectroradiom-
eter could be positioned. This figure is different than that given by the
manufacturer, 14 mW/cm? at a distance of 1 inch, but the difference pro-
bably is the result of'the greater distance from the bulb. A second mea-
surement of the lamp intensity, made after it had operated for 28. 4 hours,
gave an intensity of 5.8 to 6. 7 mW/cm?2, depending upon the position of the
spectroradiometer. At the same time, the output was also measured with
a digital radiometer (Ultraviolet Products model J260) having a 254 nm fil-

ter. This instrument was more convenient to use and easier to move around.
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It gave readings as high as 14 mW/cm? at 1 inch from the bulb and a
considerable variation in intensity with lateral position was noted. There-
fore the lower second measurement obtained with EG&G radiometer is pro-
bably not due to aging of the lamp but rather due to a different position of
the radiometer.

The operation of the filtered digital radiometer was found to be rapid
and convenient., Therefore that type of instrument is recommended for
measuring the output of the UV lamps used to erase UV-PROMs. A fixture
should be made to attach the radiometer to the lamp in a reproducible
manner. Calibration should be done after every 25 hours of lamp
operation initially. Experience mayleventually show that less frequent

calibration is acceptable.
¥

4.2 lNi?UT PROTECTION NETWORKS

The high impedance inputs of MOS devices are usually protected with
diodes to prevent the gate oxide of the input transistors from being shorted
out by electrostatic discharges during handling and assembly. The
effectiveness of the input protection networks influences the manutacturing
yield and if they are inadequate, the cost of the electronic system may be
increased. In order to evaluate the input protections on the 2708
UV-PROMs, four Intel (SN 309, 313, 323, 331) and three TI (SN 103, 105

107) devices were subjected to simulated electrostatic discharges of

increasing amplitudes.

Pin pairs selected for stress application represented all combinations
of input, output, chip select, program, VCC’ VBB’ VSS’ and VDD’ taken
two at a time. Voltage stresses of both polarities were used to see if the
damage thresholds were dependent on polarity but no such dependence was
detected. All unstressed pins were unterminated during pin pair stress
application. Prestress electrical performance parameter measurements
and simple dc pin pair measurements before and after each stress appli -
cation period were used to determine failure. A minimum of thirty pulses
at ten second intervals were applied at each stress level to each pin pair

under evaluation. The test circuit of Figure 7 was used to apply the stress.
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Figure 7. Electrostatic discharge stress circuit.

The results of tests on the four Intel devices are listed in Table 7. No

failures were observed at 250V or less nor were any observed for pin pairs

not listed. The threshold for damage was found to be between 250V and
500V and all four devices had failures at 750V or less. Most of the failures

were associated with input pins and no ground pins were found to be sensi- 5
tive with respect to any other pin.

The three TI devices consistently survived the 250 and 500 volt stress
applications. They failed at a stress application of 1000 volt on the output
pins with respect to the VSS pin.

The damage threshold of the Intel UV-PROMs is considerably lower
than the damage threshold of the TI parts. The observed values are all
within the range measured for other MOS devices. Although the thresholgi

for the Intel parts is at the low end of that range, damage thresholds at
that level .re not uncommon,

Another, more subjective, indication of sensitivity to static discharge
damage is the failure history resulting from '""normal handling'". During
the course of this study, over 200 UV-PROMs were subjected to an exten-
sive test program; each was handled many times, Only two catastrophic

failures occurred (both to the program pin line) and both are believed to
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TABLE 7. ELECTROSTATIC DISCHARGE TEST RESULTS FOR
FOUR INTEL MC2708 UV-PROMs

Number of Pin Pairs at Each Stress Level
. 500V 750V 1000V
Pin Pair Description Tested Failed Tested Failed Tested Failed

Input to input (A-A) 12 0 6 2 2 2 1

‘ Input to output (A-O) 5 2 2 1 0 0 “

Output to output (O-O) 4 1 2 2 0 0 1

b Output to program 2 0 2 1 0 0 ,

Input to program 2 1 0 0 0 0

| Input to chip select 3 2 1 1 0 0 e
1 TOTAL 28 6 13 7 2 2

PERCENT FAILED 21% 54% 100%

be machine-induced during test and not the result of handling or insertion
in test sockets, These observations plus the results of the electrostatic

; discharge tests show that all the normal precautions advised for the

p. handling of MQOS devices should be taken for UV-PROMs, but extreme

measures should not be necessary. f

4,3 THERMAL PROPERTIES

The thermal resistance from junction to ambient (OJA) of the |
UV-PROMs was determined using an adaptation of MIL-STD-883, Method
1012, Variations of the electrical characteristics of the input protection
networks with temperature were used to determine the actual chip tem-
peratures under various conditions. i (Although the input protection net-
; ‘ works on the TI parts involve an FET connected as a diode, with its gate

shorted to its source, the characteristics of this diode are similar to

a standard diffused pn junction diode.)




S——
{

First, the forward voltage drop, VF' and the reverse leakage current,
IR' were measured as a function of temperature, without power applied
to the device. Next the parts were biased in the normal manner, as shown
in Figure 8, and the power supplied to the device was measured. As the
inputs and outputs were left open, the output power was considered to be
insignificant. Temperature measurement was accomplished by removing the
power with relay L, shown in Figure 8, while simultaneously connecting
the test circuit to the input protection diode. Its characteristics were
measured as rapidly as possible under the same test conditions as used
for the temperature characterization, Only one reading was made before
repowering the device to minimize cooling errors. Using these readings,
the junctiontemperature wasdetermined from the temperature characteristic
plots. In the course of the test, it was found necessary to bias the parts to
the maximum data sheet voltage ratings to get a sufficient junction tem-
perature increase for accurate readings. Although both IR and VF were
measured, only VF was used in the temperature calculation because it
was more stable and less subject to measurement error.

The thermal resistance was calculated by using the formula:

f J A
’
JA Py - Poyr
where
eJA is the thermal resistance from junction to ambient
TJ if the operating junction temperature (determined from
the VF temperature characteristic plot)
TA is the laboratory ambient temperature

Pin is the input power to the device

POUT is the output power from the device
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Junction-to-ambient, rather than junction-to-case, thermal resistance
was measured because the devices are normally mounted on printed circuit
cards and are not extensively heat sunk, Thus, in its normal application,
the junction-to-ambient thermal resistance is the critical parameter.

The results of the thermal properties measurements are presented
in Table 8. The data are quite consistent except for serial number 110,
which is why an additional TI device was measured. The individual values
ranged from 12°C/W up to 86°C/W. The average of the TI parts is
48.5°C/W and it is 31.5°C/W for the Intel parts, for an average between
vendors of 40° C/W. Neglecting TI part number 110, the average of the
other four parts is 31° C/W,

TABLE 8. THERMAL RESISTANCE RESULTS

Pin 3 Input Prot. Diode Pin 6 Input Prot. Diode

SN Vendor Ccs High CS Low CS High CS Low Average

10 TI 38.5°C/W  36°C/W 33,5°C/W. 40°C/W 37°C/W

110 TI 80°C/W 86° C/W 84° C/W 86° C/W 84°cC/wW
96 TI 15°C/W 33° c/w 31°C/W 199 C/W 24.5° C/W
TI Average 48.5° C/w

332 Intel 39° C/W 280 C/w 23°c/w 49° C/wW 35°C/W

335 Intel 40° C/W 24° C/W 36° C/W 120 C/w 28°C/w
Intel Average 31:5° CIW
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Thermal resistance is a function of the package design and material,

die bond material, die bond integrity, and the size of the die. Large
variations (2:1 or 3:1) in the junction-to-case thermal resistance on parts
from a single production run are not uncommon. With similar packages,
die bond techniques, and die sizes, a greater variation is to be expected
among the parts of a single supplier than among the average thermal
resistances of several suppliers. In this study, the die sizes and the
packages of both suppliers were very similar. The observed variations
in thermal resistance are attributed to variations in the die attach
process peculiar to each manufacturing line. There is no significant
difference in the results for the two vendors.

According to Signetics' Bipolar and MOS Memory Data Manual
(June 1977, p. 332), eJA = 65° C/W for a 24 pin side-brazed lead ceramic

package similar to that used for the military grade UV-PROMs studied
in this program. Personnel at Signetics indicated that their value was
very conservative; i.e,, likely to be high. Therefore their value is
consistent with the values obtained in this study.

Experience in these tests indicates that the power dissipations at
125°C ambient and nominal supply voltages are about 500 mW for the Intel
2708 UV-PROM and about 400 mW for the TI device. (The Intel M2708
data sheet states 750 mW maximum at 100°C and the TI TMS2708JL
data sheet states 800 mW maximum at 70°C. The power dissipation
decreases at higher temperatures because the supply currents decrease. )
Taking the worst case power dissipations observed for each manufacturer's
parts (see Table 8), at 1250C ambient the maximum junction temperatures
will be approximately 125°C + (49° C/W) (.5 W) = 149, 5°C for the Intel
device and 125°C + (86° C/W) (.4 W) = 159,4°C for the TI device. These
values are low enough to permit reliable operation of these UV-PROMs

over the full military temperature range (-55°C to +125°C),
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5. OPTIMUM PROCEDURES TESTS

] The objective of these tests was to establish the optimum procedures
f for programming, erasing, and burning-in of UV-PROMs. 8192-bit
1 devices obtained from Intel and Texas Instruments were used in equal
numbers in all tests. All parts were put througﬁ the screening tests
| described in Section 2 and so had been programmed and erased at least
three times before the start of these tests, A few devices were programmecd
and erased more than 5 times., Individual records were maintained so the
entire program-erase history of each part was known,

Tests already described in Section 2.2 showed that optimum program-
1 ming requires additional programming loops beyond those necessary to
‘ obtain a verified readout at nominal voltages and 25°C. Two methods,
| designated P1 and P2, were evaluated in the operating life test and the
data retention under storage test:

Pl: 0.5 msec programming pulse width, 80 additional programming
loops after initial verification at nominal voltages.

P2: 0.5 msec programming pulse width, 200 loops. (This is consist-
ent with the method recommended on the manufacturers' data sheets.)

Although P2 is the "'standard'' method, P1 would have two advantages,
if it is shown to be feasible: (1) Less time is requiréd, since most devices

verify after less than 10 programming loops. (2) Determining the actual

number of programming loops required is a possible means of detecting
1 unusual parts that probably should not be used for high reliability
applications.

All programming and readout measurements for these tests were
done on the Tektronix S-3260 automated test system in order to obtain
| nearly uniform conditions for both the methods, . The programming pulse
' magnitude was 26V ':t 1V. Bias was maintained during cool-down on all
parts that were powered at high temperature.

The Optimum Procedures Tests are listed in Table 9. In the
following subsections, each of the three groups of tests is described

and the pertinent results are presented and discussed.
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TABLE 9. OPTIMUM PROCEDURES TEST

Test Test
Code Test Description Temperature
1 Erase Characteristics Ambient
2A Operating Life Test 100°C
2B Operating Life Test 125°¢C
3A Data Retention During Biased Storage ; 1250C
3B Data Retention During Unpowered Storage Ambient
3C Data Retention During Unpowered Storage 125°9C
g 3D Data Retention During Unpowered Storage 1500C
| 3E Data Retention During Unpowered Storage 200°C
3F lI)_.atla: Retention During Exposure to Fluorescent Ambient
ight

Note: Test duration is 1000 h for all tests except Test 1.

5.1 TEST l. ERASE CHARACTERISTICS

Objectivé: To determine the ultraviolet light exposure duration necessary
to completely erase the UV-PROMs,

Stored data: Checkerboard data pattern,

e

£ Readout temperatures (°C): -55, 25, 100, 125,
Readout voltages at each temperature: Norninal, nominal +5 percent,
nominal +10 percent (five values).

Quantity of parts used: 20 Intel, 20 TI. (These parts were reused for

other tests.)

Procedure: Program 10 Intel and 10 TI parts with method P1; program
the rest with method P2. Verify all parts at all readout | l
temperatures and voltages. Erase all parts for 4 minutes, |
then perform readouts at all temperatures and voltages.
Repeat after additional erase durations until all parts are

completely erased. ;
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The results of the erase characteristics test are summarized in
Table 10. As expected from the initial experience with the two vendors'
parts (see Section 2.2), the Intel devices generally required a longer time
to erase. However all devices used in this test were completely erased
in 20 minutes, which is consistent with the nominal durations recommended
by the vendors (30 m by Intel and 20-30 m by TI).

A significant difference between the two programming methods,
particularly for the Intel devices, is that erasing was quicker for the
devices programmed by method P2, Although the total number of
programming loops was less for method P1, the devices programmed by
this method required a significantly longer erasure. Method Pl involved
reading out the device after each program loop until it finally verified,
then 80 more loops were performed. Before each readout, power was
removed from the device and the conditions for readout were established
before power was reapplied. Method P2 did not require removing power
until the end of 200 program loops. Near the beginning of this program,
it was found that some devices did not retain data after power was
removed for an extended period of time if they were programmed with

only the minimum number of loops required to obtain verification.

TABLE 10. UV-PROM ERASE CHARACTERISTICS TEST RESULTS

Percent of Bits Erased

Intel TI
Erase Duration
(Minute) Pl P2 Pl P2
4 0.01 45, 34 39.05 75,28
6 0.04 63.94 92.11 98. 73
10 77.40 96. 89 100,00 100. 00
15 98.68 100. 00 100. 00 100. 00
20 100.00 100. 00 100. 00 100. 00
40
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5.2 TEST 2. OPERATING LIFE TEST

Objective: To obtain data on failure rate versus time in order to establish

optimum burning-in of UV -PROMs.

Stored data: Binary count pattern.

Operating conditions: Dynamic readout, 1 MHz cycle rate (LSB), with
TTL equivalent load on each output, nominal

voltages (+5%).
Cumulative measurement times (hours): 0, 4, 24, 72, 168, 500, 768, 1000.
Measurement temperature (°C): -55, 25, 100, 125,

Functional test voltages at each measurement temperature: Nominal,

nominal +5%, nominal +10% (5 values).

Parts used and operating temperatures:

Method P1 Method P2
Operating
Test Code Temp. Intel TI Intel TI
2A 100°C  371-380 51-60 381-390 81-90
2B 125°C 351-360 91-100 361-370 50, 101, 103-
110

Procedure: Program parts with methods P1 and P2 and verify all parts
i at all measurement temperatures and voltages. Place parts
in operating life test fixtures at 100°C and 125°C (see table).
Read out all parts and measure DC parameters at nominal
voltages after cumulative measurement times listed above.
In addition, all AC and DC parameters were measured at all

four measurement temperatures after 768 h and after 1000 h,

The results of tests 2A and 2B are summarized in Table 11, which lists

the number of UV-PROM devices which did not meet one or more specifica-

tions at one or more temperature -voltage conditions. There were ten
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devices from each vendor in each programming method for each of the two
tests and devices which did not meet specifications were retained through-
out the tests. For the 100°C parts (test 2A), there were no functional ?
test failures and no consistent change in DC parameters throughout the :
test. At the end of the test, most parts showed tpp (output disable time)
to be out of specification but these failures were not confirmed when some
parts were later checked by visual monitoring of device waveforms while
still connected to the S-3260. Therefore most of the tpy failures are
attributed to malfunction of the S-3260 tester.
For the 1250C parts (test 2B), one Intel part (SN 352) failed functional
tests at 168 h and all following times and one TI part (SN 96) failed one
functional test (at minimum supply voltages, -55°C) at 72h, 168 h and
500 h but passed subsequent functional tests. No other functional failures
occurred. At 768 h, some AC parameters on nine parts were not within
specification. At 1000 h, all parts did not meet specifications for tpp. | f
These failures could not be verified and therefore they are attributed to a
malfunction in the S-3260, just as in test 2A. They are not considered to
indicate any real limitation on the operating life of 2708 UV-PROMs. Dis-
tribution plots of AC parameters and one DC parameter at the beginning of
this test and at its end are given in Appendix F.
In both 2A and 2B, there were no substantial changes in supply and
leakage currents over the course of testing., Some of the random failures
which occurred at various measurement points throughout the test did not
repeat. This could be due to measurement errors such as poor pin
connections during a particular measurement or to borderline conditions
that did not consistently produce a failure. There was no significant
difference in the number of failures between vendors or between pro-
gramming methods.
Although changes are evident at the end of 1000 hours, substantially
shorter time periods do not have significant effect on device operation,
It is concluded that for burn-in purposes, 168 hours at 125°C is acceptable !

for these parts.
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5.3 TEST 3. DATA RETENTION DURING STORAGE

Objective: To determine the long term decay rate of data stored in

UV -PROMs.
Storer data: Diagonals unprogrammed, all other locations programmed.
Cumulative measurement times (hours): 0, 6, 40, 168, 500, 768, 1000.
Measurement temperatures (°C): -55, 25, 100, 125,

Functional test voltages at each measurement temperature: Nominal,

nominal 5%, nominal +10% (5 values).
Quantity of parts used and storage conditions: Shown in Table 12.

Procedure: Program parts with methods P1 and P2 and verify all parts
at all measurement temperatures and voltages. Place parts
in storage conditions according to table above. Read out all
parts and measure DC parameters at nominal voltages after
cumulative measurement times listed above. In addition, all
AC and DC parameters will be measured at all four measure-

ment temperatures after approximately 768 h and after 1000 h.

Data retention during storage (Test 3) consists of three main parts:
biased storage at 125°C, unpowered storage at four temperatures
(25, 125, 150, and ZOOOC), and exposure to fluorescent light at room
temperature. The retention of data is determined by the functional test.
In addition DC parameters were measured at all measurement times and
AC parameters were measured at the beginning, near the end, and at the
end of the tests. The parts were programmeu only once; no reprogramming
was done.

The results for test 3A, biased storage at 1259C, are summarized
in Table 13. The results of the measurements at the start of this test
are given in Appendix B as an example of the data obtained. There were
20 functional tests performed at each measurement time: four temperature
conditions and five voltage conditions at each temperature. Since five
parts from each vendor were used for each of the two programming methods,
the maximum possible number of test failures was 20 x 5 = 100 for each

entry in Table 13. No functional failures were observed for programming
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TABLE 13, NUMBER OF FUNCTIONAL TEST FAILURES
DURING TEST 3A
(125°C, BIASED)

e S e

T ——— T

Method P1 Method P2 ‘j!l
i Time (Hours) Intel TI Intel TI
| 0 43 8 0 0 -
;j 6 46 8 0 0 ;
40 46 12 0 0 1
| 168 38 10 0 0 |
500 40 10 0 0 1
E 768 38 11 0 0 .’

1000 37 19 0 0 |

k| Note: The maximum possible number of failures for each entry.is 100
(see text). For Method P1, all five Intel parts had failures at all ]
4 times and two TI parts had failures. ;

method P2. For method P1, there was a slight decrease in failures of

the Intel parts with time, although all five parts had some failures at all

measurement times. This decrease is attributed to borderline programming

conditions at the start of the test. An increase with time was observed in

the smaller number of TI failures, which involved two parts, in method P1.

Most of the functional failures in this test were at the nominal 10 percent
power supply voltages. No significant changes in DC parameters occurred.

However, AC timing parameter increases occurred toward the end of

this test for both vendors, with changes first evident for programming
Method P1l. Tpy is the AC parameter which shows the most change,
with all devices finally failing to meet the vendors' specifications at all
temperatures for low voltages. (Many of these failures are believed

due to a measurement problem, as discussed on page 51.)
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Tests 3B through 3E are unbiased storage at room temperature and
at three elevated temperatures. Test 3B at 25°C is primarily a control
sample. For both 3B and 3C (125°C), there is no significant change
during the tests for functional, DC and AC parameters. The results of |
the functional tests are given in Table 14. For test 3B, three parts

from each vendor were used for each programming method so the maximum l

possible number of failures is 3 x 20 = 60, The failures observed for

Intel P1 parts were distributed among all three samples, while only one

TIpart (SN 17) had failures. For test 3C, five parts were used in each

group so the maximum possible number of failures was 100. The Intel

failures were distributed among all five Pl samples and again only one

TI part (SN 34) had failures. As usual, the functional failures were

mostly at the wider (¥10 percent) power supply limits and no failures were |

detected in parts programmed by method P2. Of the AC parameters, most

failures were of acc?ess time (tACC) and output disable time (tDF). &
The functional test results for tests 3D and 3E are summarized in

Table 15. Five samples were used for each of these groups so the

maximum possible number of failures is 100, Again no functional failures

in parts programmed by method P2 were observed at 150°C, There is
no significant change in the number of Intel P1 failures at either 150°C
(where all five parts had functional failures at all measurement times)
or at 200°C (where all five parts had failures but only four failed at any
one time).

The most significant changes in data retention occurred for the TI
parts at 200°C., A slight increase in functional failures (from one part

to two parts) was observed at 150°C for those TI parts programmed by

method P1l, but even one TI part programmed by method P2 showed failures
by the end of test 3E. The AC timing parameters, especially output dis-
able time, had increased at the 768 hour measurements for both of these
tests and 39 of the 40 parts failed one or more AC tests after 1000 h.*

Input leakage currents increased but remained within vendors' specifi-

cation limits.

*See discussion of t measurement problems on page 51.
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Reliability studies of the 2708 UV-PROM conducted at Intel? included
operating and storage life tests at temperatures higher than those employed
in this study. Also, larger numbers of samples were used and the test
methods were different., Therefore the results of the two studies cannot
be directly compared. However, the results of this study are reasonably
consistent with the Intel results.

The results of test 3F, where UV-PROMs were exposed to fluorescent
light, are summarized in Table 16. The lamp used was a desk lamp con-
taining two F15 T8-WW (17 inches long) bulbs and it was placed approximately
one foot (30 cm) above the UV-PROMs. There were three devices in each
of the four groups listed in Table 16 so the maximum possible number of
functional failures was 60. As with the tests already discussed,
programming method P2 appears to be more successful than Pl. The
functional failures observed for the Intel Pl devices were distributed among
all three parts. No significant changes in functional, DC or AC measure-
ments were observed in this test, indicating that fluorescent light is not

a hazard to UV-PROMs. This is discussed more fully in Section 4. 1.

TABLE 16. NUMBER OF FUNCTIONA L TEST FAILURES DURING
EXPOSURE TO FLUORESCENT LIGHT (TEST 3F)

Method P1 Method P2
Time (Hours) Intel il Intel TI
0 23 0 0 0
6 23 0 0 0
40 23 0 0 0
168 19 0 0 0
500 Z5 0 0 0
768 24 0 0 0
1000 21 0 0 0

Note: The maximum possible number of failures for each entry is 60 (see

text). All of the three Intel parts programmed by Method P! had
functional failures.




E For both Tests 2 and 3, parts programmed by method Pl are much

=1 | more likely to fail to meet specifications than those programmed by

‘ method P2. This includes measurement voltage and temperature variations
f

|

as well as the time and temperature stresses of the various tests.

Of the AC timing parameters, tpg (output disable time) is apparently |
., the most sensitive to test stress. However, as discussed in Section 3 and |4
i verified by one vendor, its value is very sensitive to test conditions and
the output load circuit to be used for that measurement is not adequately
defined. The apparent failures to meet the vendors' specifications for this
parameter at the end of tests 3A, 3D and 3E probably resulted from a
slight change in the operation of the S-3260 tester in the automatic mode !
that was not revealed by the self-test program for the S-3260 (VERDICT), E
which was run twice each day. This is suspected because visual monitoring

of waveforms of twelve parts from those tests did not verify the failures. ‘

P

Perhaps the use of an active load, instead of the passive one shown in ' [
Figure 5, might have improved the results, although it would be difficult to
obtain one that would simulate the desired worst case specifications and

it could be inconvenient to use. The other AC parameters that were sensi-
tive to the test stresses were access time and chip select to output delay

2 time.

Storage for extended periods of time at elevated temperatures is

& undesirable. After 1000 hours, some changes were seen at 150°C and
substantial changes occurred at the 200°C storage temperature, It is

not known what fraction of these changes was due to normal microcircuit
wearout mechanisms, such as electromigration and formation of inter -
metallic compounds, and what fraction was due to mechanisms unique to

UV-PROMs, such as loss of charge from the floating gate.
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6. FAILURE ANALYSIS

One TI sample (SN 11, one of the set-up samples) failed during a
programming attempt. The reported failure mode was sinking excessive
(up to 200 mA) current at the program pin (pin 18), That input became
essentially a short circuit, accepting whatever current was supplied to it.
A visual inspection made prior to removal of the window from the package
showed no obvious evidence of overstress anywhere along the program
input stripe, which runs completely around the perimeter of the chip.
After the window was removed to enable inspection of the chip under
high (1000 X) magnification, a sub-oxide arc-over, typical of voltage
overstress, was observed along the program line metallization strip near
a contact window,

One of the Intersil samples, SN 500, failed as a result of probable
overstress on the programming line during programming characterization
with a 28V pulse amplitude. This part was also found to have a rminute
sub-oxide arc-over along the programming line metallization stripe. This
suggests that the TI failure may also have been caused by accidental
overstress during programming.,

No catastrophic failures were detected during the 1000 hour life tests
and no other failure analyses were performed. Since the number of
failures was so small, no specific recommendations to effectively remove
a specific type of failure were incorporated in the draft specification

prepared' under this contract,




7. SPECIFICATION PREPARATION

A preliminary version of the draft MIL-M-38510A detailed specifica-
tion (slash sheet) was prepared and submitted to RADC, Intel, and TI for
informal review. It follows the general format of other slash sheets and
the particular format of those previous ones for programmable read-only
¥ memories. This version was based on information supplied by the vendors
and the results of our screening tests (see examples in Appendices D
and E). The results of the Optimum Procedures Tests (see Section 5
and Appendix F) and other tests completed after the preliminary version
was prepared were used in revising it, along with the comments from
RADC and the vendors.

The preliminary version of the draft specification included two different
part types, one for each vendor (TI and Intel). The differences between parts
include operating temperature ranges, voltage margins, and propagation
delay times. Examples of these differences are shown in Figure 9, which
includes portions of one table in the specification for both parts.

The results of the screening and Optimum Procedures Tests indicated
that both parts are capable of meeting common specifications over the full
m'ilitary temperature range (-55 to +125°C) at the standard tolerance of
+10 percent for the power supplies. Therefore, since discussions with
the two vendors did not reveal any unexpected factors, the draft specifi-
cation was revised to include only one part type. The final version was
submitted separately.

Symbols employed in other MIL-M-38510A detailed specifications for
AC and DC parameters were used in the draft specification for UV-PROMs,

while symbols in commercial use are used in this report. For convenience,

a cross reference for the AC parameters, where the greatest differences

' occur, is provided in Table 17.




MIL-M-38510/

TABLE I. Electrical performance characteristics for device tyve 01 - Continued 1/

Test Symbol Conditions Limits Units
Unless otherwise specified, Min Max
Ta = =55 °C to +100 oC
Supply Vee = 5.5V, VBB = =5:5 V
currents XQD = 13.2 V, VIy = 3.0 V,
CS(PE) = 5.0 V, Outputs = open,
Vss =0V
IpD 80 mA
Icc 15 | mA
Ipp 60 mA
Propagation Vee = 9.5V, Vgg = =5.5 V,
d=lay times Vpp = 13.2 I Vgg = 0 V, Cp = 100 pF,
Address and TS(PE): %, = tf = 20 ns,
See Figure S5
CS(PE) to tpzH 120 | ns
unprogrammed
outguts
tpyz 120 | ns

TABLE I. Electrical performance characteristics for

device type 02 ~ Continued 1/

Test Symbol Conditions Limits Units
Unless otherwise spec1f1ed Min Max
= -55 OC to +125 °C
Supply Vee = 5.25 V, Vpg = =5.25 V,
currents V_DD =12.6 V, VIy = 3.0 V,
CS(PE) = 5.0 V,
outputs = open, Vgs = 0 V
Ipp 50 mA
Icc 8 mA
Igp 2% mA
Propagation Vee = 5.25 V, Vgg = =5.25 V,
delay times Vpp = 12.6 V, Vgg = 0 V,
Cy, = 100 pF (1 series ShTTL 1oad)
Address and CS(PE): ty = ts = 20 ns,
See Figure 5
CS(PE) to tpzE 160 | ns
unpro-
grammed
outputs
tpHz 160 | ns
Figure 9. Portions of Table I from the preliminary copy of

the draft MIL-M-38510A detailed specifications, illustrating
the differences between UV-PROM type 01 (Intel) and type 02

(TI)-
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TABLE 17. CROSS REFERENCE FOR AC PARAMETERS SYMBOLS

This Report Draft Specification
tacc *‘pLu’ ‘PHL
Lo tpzu tpzL
‘oF tpuz’ tpLz
ton tpvx
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8. CONCLUSIONS

A study of 8192-bit UV-PROMs has been performed. Initially,
difficulties were experienced in screening tests due to insufficient pro-
gramming and incorrect specifications. After these problems were
corrected, 91 percent of the parts were found to meet the vendors'
specifications over the temperature range -559C to +125°C with power
supply variations of £10 percent. ''Shmoo' plots obtained during electri-
cal characterization tests confirmed that both Intel and TI parts can
operate with the usual powei supply voltage tolerance of £10 percent with
comfortable margins over the full military temperature range (-55°C
to +1259C). The vendors' criterion for programming, namely that the
product of the number of programming loops and the programming pulse
width should be at least 100 ms, was found to be adequate. The pro-

gramming pulse amplitude specification of (26 £1) V is consistent with that

criterion and safe. (4

The retention of data during storage was found to be adequate. No
electrical degradation as a result of mvore than 50 write-erase cycles was
detected, although increases in the number of programming cycles and
erase duration required for Intel parts was observed. Therefore it is
always necessary to read out UV-PROMs after programming them, as
with any other type of PROM, and they should be exposed to the UV lamp
for at least 30 minutes when erasing. This duration will also allow for
some degradation of the UV lamp, which should be calibrated every
25 hours until its long term operating characteristics are determined,

after which less frequent intervals would probably suffice.
The input protection networks of both the TI and Intel parts were

found to afford adequate protection against electrostatic discharge. How-
ever, the usual precautions for handling MOS devices should be taken
with UV-PROMs. Measurements of the thermal resistance and input
power showed that the maximum junction temperature at 1259C ambient

will be 160°C or less. This is low enough for reliable operation over !
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the full military temperature range. Such operation was demonstrated
by operating life tests at 100°C and at 125°C. These tests also indicated
that the standard burn-in duration of 168 h at 125°C would be adequate
for UV-PROMS.

One of the AC parameters, the output disable time (t was apparently

),
outside of specifications on nearly all parts at the end of ?hi operating life
tests and at the end of the 150°C and 200°C storage tests. The widespread
failure of this parameter for devices from both vendors is not understood
but is believed due to a malfunction of the S-3260 tester, not an inherent
weakness of the devices, since manual retest did not substantiate the
failures. Other possible causes could be an error in the definition of
tDF or the use of an inadequate output load circuit. Nevertheless, storage
or operation of these devices at temperatures in the neighborhood of 125°C
should be limited to durations of less than one year.

Programming the UV-PROMs with only the minimum number of
loops required to make them verify at room temperature and nominal
supply voltages left them liable to fail to verify at temperature and
voltage extremes. Although an additional 80 programming loops would
enable them to verify at all conditions initially, this method was found
to be inadequate in the 1000 hour life tests. The recommended procedure
is that given by the vendors: the product of the number of programming
loops and the programming pulse width (in milliseconds) should be at
least 100 ms.

Only two catastrophic failures occurred during this study. Both were
found to be caused by sub-oxide arc-overs along the programming
metallization line, They are believed to result from the application of
excessive voltage during programming. This is not a hazard as long as
the programming pulse amplitude is restricted to its specified range
(26V £1V)., Gross and fine leak tests during screening and again after
Optimum Procedure Test 3 did not reveal any problem with sealing of
the quartz window on the packages. (A new electrostatic discharge
failure mode associated with quartz windows was recently discovered®

and can be avoided by not subjecting UV-PROMs to freeze spray.)
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A draft of a MILL.-M-38510A detailed specification (slash sheet) for
8,192-bit UV-PROMs was prepared. Preliminary copies were sent to
RADC, Intel, and TI for comments. Their responses were used to make
revisions for the final draft which was submitted separately.

This study of ultraviolet-erasable PROMs showed that these devices
can meet typical military specifications and those that do should perform
reliably in military applications. Although many questions about UV-PROMs
have been answered, there are two questions that warrant further
investigation:

e Why do parts programmed by the method recommended by the

vendors appear to erase easier but retain data better than those
programmed by method P1 (see page 38)?

° Why did so many parts apparently fail to meet the output disable
time specifications at the end of the elevated temperature storage
and operating life tests?

There are other topics beyond the scope of this study that also could be

investigated:

® Military grade 2708 UV-PROMs are apparently available now
from additional vendors, e.g., Motorola, Fairchild, National,
and Signetics. Parts from these vendors should be evaluated
to see if they meet the draft specification.

® Larger UV-PROMs with twice the bit capacity (16, 384 bits)
and larger are now available and should be evaluated for military
applications.

® New versions of UV-PROMs requiring only one 5V power supply
(Intel's 2758 and TI's 2532, for example) and devices with low
power requirements (e.g., TI's 271L08) offer some advantages.
They should be evaluated to determine whether they can be
included as additional part types in the detailed specification
drafted in this study.
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APPENDIX A

SUMMARY OF FUNCTIONAL, DC AND AC
PARAMETERS SCREENING TESTS

Following are summaries of the results of the screening tests. The
voltage limits for each summary are given at the top of each page. The
number of UV-PROMs which failed to meet each vendor's specification
(see Table 3) for the indicated parameters are given. Below that is a
list of the serial numbers of the parts that failed at least one condition. '

(See Appendix D for example data plots.)
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APPENDIX B

EXAMPLE OF OPTIMUM PROCEDURES
TEST RESULTS

Following is one of the summaries of electrical tests performed for
the Optimum Procedures Tests. The AC parameter measurements and the
functional tests were performed at five power supply voltages: 1 = nominal,
2 = nominal +5 percent, 3 = nominal -5 percent, 4 = nominal +10 percent,

5 = nominal -10 percent. The DC parameters were measured only at the
nominal power supply voltages. At each condition for each parameter,
the number of devices which failed to meet each vendor's specifications
(see Table 3) is given. Devices programmed by the two methods tested,
Pl and P2 (see Section 5) are listed separately. The serial numbers of

the devices which failed one or more parameter are given near the bottom

of each page. (See Appendix F for example data plots. )
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APPENDIX C

BIT MAPS FOR 2708 UV-PROMS
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APPENDIX D
SCREENING DATA DISTRIBUTION PLOTS

Following are distribut on plots of AC parameters (tocc, tOH,

i and t(—;-6) and one DC parameter (Ipp) for the UV-PROM screening tests.

Each graph is composed of 6 sections: the three on the left show the data
for the Intel parts at -55°C, 259C, and 100°C (reading from left to right)
and the three on the right are for the TI parts at -559C, 25°C, and 125°C.

In each plot, data taken at three power supply voltages for each part are

included: nominal, nominal £10 percent for the 103 Intel parts and nomi-
nal, nominal 5 percent for the 94 TI parts. Therefore the number of
readings listed below each section of the plot is approximately, three
times the number of parts tested. (AC data were not recorded for any
reading that was greater than 1 microsecond.) Half of the parts were
programmed by method Pl and half by method P2. The abscissa of each
bar on the plots is the number of readings for which the value of the
parameter indicated by the ordinate of each bar was observed. The units
of the ordinates are nanoseconds for the timing parameters and milli-

amperes for Ipp. The mean value of each population is indicated by an

arrow on each plot and is listed below the plot, together with other

statistical parameters.
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APPENDIX E i1
1 SHMOO PLOTS OF INITIAL SCREENING DATA

1 Following are example shmoo plots made during the initial UV-PROM
screening tests (see Section 2.2). Each plot shows the ranges of Vcc
and Vpp over which the part functioned correctly, i.e., the data read

out was the same as the programmed data, for various Vpp voltages at

250C. The first two pages of plots show that Intersil part number 503

failed to operate over the specified voltage ranges (Vcc = 5V £10 percent,
VDD = 12V £10 percent, VBB = -5V +10 percent). Thus it was discovered E
that the programming method used then was inadequate (see page 13).

When a better programming algorithm was used, most devices passed the

functional test over the entire power supply specification ranges. Example

shmoo plots for a good device, TI number 13, are also included in this _3
appendix. '
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APPENDIX F

OPTIMUM PROCEDURES TEST DISTRIBUTION PLOTS

Following are distribution plots of AC parameters (tAccr tOH»
and tgQ) and one DC parameter (Ipp) for Test 2B, Operating Life Test
at 125°C (see Section 5. 2). The format of each graph is the same as
described in Appendix D. Twenty parts from each vendor were used (an
extra TI part was included by mistake on the initial tests), half programmed
by method P1 and half by method P2. The same test temperatures (-55,
25 and 125°C) and power supply voltages (nominal, nominal +10 percent)
were used for both the Intel and TI parts. For each parameter, the plot
labeled "TST2B0'" presents data taken before starting Test 2B and the

plot labeled "TST2B7" presents the data obtained at the end of this
1000 hour life test.
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